Abstract. This work shows the influence of Ag concentration on structural properties of pulsed laser deposited nanocrystalline CdS thin film. X-ray photoelectron spectroscopy (XPS) studies confirm the dopant concentration in CdS films and atomic concentration of elements. XPS studies show that the samples are slightly sulfur deficient. GAXRD scan reveals the structural phase transformation from cubic to hexagonal phase of CdS without appearance of any phase of CdO, Ag 2 O or Ag 2 S suggesting the substitutional doping of Ag ions. Photoluminescence studies illustrate that emission intensity increases with increase in dopant concentration upto 5% and then decreases for higher dopant concentration.
INTRODUCTION
II-VI semiconductor nanostructures (SNs) are grasping worldwide interest steadily due to tunability in optical, electronic, and magnetic properties that occurs as a consequence of the quantum size effect. As an illustration, one can engineer the emission wavelength of SNs from ultraviolet to infrared region by varying the size or the surface states of nanostructures 1 . Owing to this, quantum confinement in cadmium sulphide (CdS) and similar SNs is the key for diverse applications.
CdS is a marvelous II-VI semiconductor material with a direct band gap of 2.42 eV at room temperature, which makes it a promising candidate for optoelectronic applications in the visible spectrum range. Furthermore, due to high absorption coefficient, conversion efficiency, stability, and significantly low cost synthesis, CdS has continued to be the focus of research. Thin films of CdS have potential applications as solar cell material 2 , lasers 3 , photocatalyist 4 , gas-sensors 5 and light emitting diodes 6 . The extensively used approach to tune the emission range and improve the efficiency of optoelectronic devices is incorporation of impurity atoms in host materials. As outstanding luminescent properties are achieved by incorporation of rare earth or transition metals like Ce, Eu, Mn, Cu, etc. in SNs, consequently they have attracted enormous interest 7, 8 . Besides, emission in visible or infrared from SNs due to incorporation of fluorescent dopants may mitigate toxicity problems in bio-imaging applications. The problem of photo-oxidation during prolonged illumination, as in solar cells may also be reduced by doping 9 . In this paper we report the successful synthesis of Cd 1-x Ag x S (x=0.0, 0.01, 0.05 & 0.10) quantum dots (QDs) using a very simple and cost effective chemical method and study of the effect of Ag doping concentration on structural and optical properties of CdS thin films grown by pulsed laser ablation.
EXPERIMENTAL DETAILS
The scheme used here for Cd 1-x Ag x S (x=0.0, 0.01, 0.05 & 0.10) thin films growth by PLD setup is fully described elsewhere. All the samples investigated are synthesized by PLD using 355 nm emission of an ultraviolet laser source: a pulsed Nd:YAG laser onto a target of chemically synthesized Cd 1-x Ag x S quantum dots (QDs) 10 . The powder of Cd 1-x Ag x S QDs is synthesized by chemical co-precipitation method. For this purpose, a homogeneous and clear solution of AgNO 3 (0.001 M for 1%, 0.005 M for 5% and 0.010 M for 10% Ag doping) was mixed first into Cd(NO 3 ) 2 solution to achieve desired concentration viz. 1%, 5% and 10% of Ag and then 10 ml of Na 2 S solution was injected drop wise into each 50 ml of rapidly stirring mixture. The final colloidal solution is then stirred magnetically for 1h. Finally, yellow and brownish precipitates were obtained for CdS and Ag doped CdS QDs. Precipitate is washed 3-4 times and dried at 150 °C. The dried samples were crushed to get fine Cd 1-x Ag x S QDs. Further, the powder was pressed and sintered to prepare the target for pulsed laser deposition of Cd 1-x Ag x S nanocrystalline thin films. To grow Cd 1-x Ag x S thin films, third harmonics of Continuum Nd:YAG laser with pulse width 10 ns and repetition rate 10 Hz was used. The laser beam of energy 200 mJ/pulse was focused onto a rotating target mounted at an oblique angle of 30° with respect to the incident laser beam. The deposition was carried out inside a clean stainless steel (SS304) vacuum chamber keeping base pressure 5×10 −6 Torr, substrates to target distance 4 cm and maintaining the substrates at 200 ºC temperature. The thickness of Cd 1-x Ag x S thin films was ~ 250 nm.
Glancing angle x-ray diffraction (GAXRD) studies were carried out at an angle of 1° using Bruker D8 advance diffractometer (Cu K α radiation, λ = 1.54 Å) and micro-Raman spectroscopy using Renishaw Invia Raman microscope with excitation wavelength of 514.5 nm from an Ar-ion laser. X-rays photoelectron spectroscopy (XPS) measurement was carried out to study the concentration of different elements in the films. XPS measurements were performed using a photoelectron spectrometer equipped with an Omicron electron analyzer model EA 125D using Al K α radiation. Photoluminescence (PL) studies were carried out at room temperature using HORIBA Jobin Yvon LabRAM 800 HR. A He-Cd laser (wavelength 325 nm) was used as the excitation source.
RESULT AND DISCUSSION
XPS measurement is carried out to study the chemical composition of the films. The spectrum is recorded in the range 1400 eV to -10 eV. The samples were sputtered by 2 keV Ar ions before recording the spectra. The full scan XPS spectra in the range 700 eV to -10 eV of undoped CdS, 5 % and 10 % Ag doped CdS thin films are shown in Fig.1a, 1b&1f respectively. The XPS spectrum of CdS thin film shows the presence of peaks Cd 2p 3/2 , Cd 2p 1/2 , Cd 3d 5/2 , Cd 3d 3/2 , S 2s, S 2p 3/2 and Cd 4d centered at 619.2 eV, 653.7 eV, 404.8 eV, 411.6 eV, 225.5 eV, 160.7 eV, and 11.03 eV respectively. The detailed spectrum of Cd 3d shows (not shown here) that the spin energy separation between Cd 3d 5/2 and Cd 3d 3/2 peaks is 6.8 eV. The atomic concentration of an element C i can be expressed as; where A i is the area under the peak for element i, and S i is the atomic sensitivity factor for the element i. The atomic ratio of Cd and S is calculated using above formula and it is found that Cd:S is 1.4:1. This indicates that the film is Cd rich or S deficient.
The full scan XPS spectrum of 5% Ag doped CdS thin film shows peaks of Cd 2p 3/2 , Cd 2p 1/2 , Cd 3d 5/2 , Cd 3d 3/2 , Ag 3d 5/2 , Ag 3d 3/2 , S 2s, S 2p 3/2 , Si 2p and Cd 4d centered at 619.2 eV, 653.7 eV, 404.9 eV, 411.8 eV, 368 eV, 374 eV, 227.5 eV, 160.7 eV, 100.8 eV and 11.03 eV respectively. The detailed spectrum of Cd 3d confirmed that the spin energy separation between Cd 3d 5/2 and Cd 3d 3/2 peaks is 6.8 eV as shown in Fig.1c . The detailed spectrum of Ag 3d is shown in Fig.1d . It is found that the separation between Ag 3d 5/2 and Ag 3d 3/2 is 6.0 eV. This is characteristic of metallic Ag 11 . It is also obtained that the observed Ag-doping molar ratio is about 4.39 % from XPS which is lower than the Ag + concentration in the initial reactants. The detailed spectrum of S 2p is shown in Fig.1e . The calculated atomic concentration of Cd and S is 55.9 % and 39.7 % respectively.
In the full scan XPS spectrum of 10% Ag doped CdS thin film, we observed all XPS peaks as for 5% Ag doped CdS film except the substrate peak (i.e. Si 2p). The detailed spectra (not shown here) of Cd 3d and Ag 3d confirm that the spin separations between Cd 3d 5/2 and Cd 3d 3/2 peaks & Ag 3d 5/2 and Ag 3d 3/2 peaks are 6.8 eV & 6.0 eV respectively, which are similar to that for 5% Ag doped sample. The measured Ag-doped molar ratio is about 8.4 % as calculated from XPS analysis. The calculated atomic concentration of Cd and S are 66.7 % and 24.9 % respectively. Figure. 1 XPS survey spectrum of Cd 1−x Ag x S thin films (a) full spectrum for x=0.0, (b) full spectrum for x=0.05, (c) Cd 3d spectrum, (d) Ag 3d spectrum, (e) S 2p spectrum, and (f) full spectrum for x=0.10
To investigate the effect of Ag concentration on structural properties of CdS film and its associated parameters GAXRD measurements are carried out. GAXRD scans of Cd 1−x Ag x S thin films deposited at substrate temperatures 200 º C are shown in Fig.2 . It is clear from GAXRD patterns that undoped CdS film is in mixed phase of cubic and hexagonal structure with diffraction peak at 26.6 º corresponding to (111) plane of cubic structure alongwith the peaks at 36.8 º and 48.1 º corresponding to (102) and (103) planes of hexagonal structure respectively. It can be seen that structural behavior of the films changes drastically with dopant concentration. The film with 1% Ag doping shows sharp intense peak at 24.5 º corresponding to (100) plane of hexagonal structure of CdS with broad low intense peaks at 26. (100), (002), (101), and (110) planes of hexagonal structure of CdS respectively. The film of 10% Ag doping shows diffraction peaks at 2θ ~ 26.3º, 27.7º, and 29.2º assigned to (100), (002), and (101) planes of hexagonal structure of CdS respectively. It may be seen that the intensity of different diffraction peaks is reduced with increase in doping concentration. It shows the reduction in crystallinity and particle size. It is evident from pattern that hexagonal phase of CdS start to dominate with 1% concentration of Ag in film and structural phase becomes completely hexagonal at 5% of Ag concentration. The continuous shifting of diffraction peaks towards higher diffraction angles with increase in dopant concentration shows the generation of compressive stress induced by dopant. Since the ionic radius of Cd is less than that of Ag, therefore it may be expected that displacement of Cd atoms by Ag atoms results in lattice contraction which leads to structural phase transition.
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This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP: To study the emission behavior and contribution of different radiative transition in Cd 1−x Ag x S thin films, PL measurement of the samples at RT is carried out in the range 1.8 eV -3.8 eV. The PL spectra of Cd 1−x Ag x S thin films are shown in Fig.3 . It reveals that CdS film shows broad green emission (GE) centered at 2.35 eV. The origin of GE at this position is attributed to the transition of S-vacancy (V S ) donors to the valence band and conduction band to S-interstitial (I S ) 9, 12, 13 . It is expected that some sulfur vacancies may be created during deposition at substrate temperature 200 °C as XPS study reveals that film is sulfur deficient. It is clear that intensity of GE increases with red shift of 50 meV upto 5% Ag concentration and then decreases with blue shift of 30 meV for 10% Ag concentration. The increase in intensity of GE upto 5% Ag concentration may be due to creation of defect levels (increase in sulfur deficiency) and reduction in crystallinity and then reduction at 10 % Ag concentration may be due to creation of non-radiative transition due to very poor crystallinity. It is exciting to see that a hump evolves at 
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This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP: 2.15 eV corresponding to yellow emission (YE), which enhances the emission range continuously with increase in dopant concentration. The origin of YE is ascribed to the recombination via surface localized states, radiative transition from donor levels i.e. Cd atoms located in interstitial sites (I Cd ) to the valence band 9, [12] [13] [14] , or the transition from interstitial cadmium-cadmium vacancy complexes which is a donor to acceptor level transition 9, 12, 13 . The cause of YE in doped films may be either due to I Cd , ( ) or due to the trap level created by dopant ions near the bottom of conduction band and top of valance band. The shifting in GE emission is possible in each case. It is fascinating that doping engenders a new peak at 3.0 eV in violet region of visible spectrum. The origin of violet emission (VE) is attributed due to either CdO nanoparticles or Ag nanoparticles in literature. It is found that the ratio of intensities of VE to GE (i.e. I VE /I GE ) increases with dopant concentration. The present studies are not sufficient to conclude about the origin of VE. Further studies are planned to clarify this ambiguity.
CONCLUSION
To conclude, the effect of Ag concentration in PLD grown thin films of nanocrystalline CdS has been investigated. It is observed that the metastable cubic phase can be transferred into stable hexagonal structural phase of CdS by raising the concentration of Ag dopant. GE from CdS thin film becomes intense and broad after incorporation of silver ions. The intensity of GE becomes two fold at 5% Ag concentration. The enhancement in intensity of GE is ascribed to creation of defect levels and reduction in crystallinity.
